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Subject: Elasion teli ts on earth Samples No. 1p-95, 96, and 97, taken 

a t  e l e v a t i h  3542.0 from two suggested s i t e s  for  an auxiliarg 
spillway-#oorhead D a m - 4 s  souri River Basin Project . 

TO determine e m s i o n r e s i s ~ a n c e o f t h e a b o v e s a n d a n d c l a y  
materials &en sub ed t o  m t e r  veloci t ies  of 2 t o  18 f e d  per second. 

g 

Sanple No. 19-% 8 ., ; 

CONCLUSIONS 

1. This dense,: slightly cemented sana withstands water veloci t ies  
up t o  8 i ee t  per  srrsr@?nd witah l i t t l e  erosion (F veloci t ies  

up t o  24 fee t  per sghond with noderate erosion 
of 18 feet  per second causes excessive erosion 

2. The erosion r a t e  remains pract ica l ly  constant at a @ven 
velocity during a t e s t  period of 30 minutea. 

S w l e  No, 1F-96 

1. Most of t h e  material of the ;4-3.nch deep sample was too broken 
t o  be tested. However, the top li inches appeared siallar t o  the mat& 
rial tested i n  Sample No. 13P-95, and similar smsion CM be q e c t e d .  

2. The c lay  i n  the lower 7 inches of t he  sample withstands water 
velocities up t o  18 fee t  per second wikhout excessive damage (Figure 5 ~ ) .  

3. Mo,* of t he  clay m t e r i a l  tha t  i s  removed by a given velocity 
i s  swept away withjn 4 min~~tes .  

Sraple No. IF-97 

1. The c lzy  a d  soft  sand layers Ln the top E+ inches of the 
&inch deep sample were too broken t o  be tested. However a study of 
the material revealed that  excessive erosion should result a t  veloci t ies  
of 6 feet per second or   eater when the  flow occurs along the  bedding 
planes, 



cemented said  base i s  removed by valocitie-s of 2 t o  8 .feet per 
second (Figure 6), and completely removed by a veloci ty  of  U f ee t  per 
second (Figure 7). 

3. The sand material  beneath t h e  c lay withstands veloc.i,ties up t o  
8 f ee t  per secone with moderate erosion (Figure 6 ) ,  and it erodes severely 
a t  a ve loc i ty  of L!+ f ee t  per second ( ~ i g u r e  7). 

INTRODUCTION 

Moorhsad Dam i s  an earth fU structure  proposed f o r  construc%ion 
across t h e  Powder River 38 miles southwest of Broadus, Montana, and 4 
miles north of +he Wyoming-Montana border. A s  p a r t  of t h e  de ta i led  ;in- 
vest igat ion of the  damsite, a study was made of t r 6  , d i e s  o r  draws 
which aze possible s i t e s  for a11 awciliary spillway. Grie phase af t h i s  
study consisted of procurkg three  "undisturbed* block s a q l e s  12 inches 
square by  24 inches high from t h e  two draws st elevation 3542,O. These 
samples were shipped t o  t h e  Denver o f f i ce  for  t e s t s  t o  determine t h e  
erosion res is tance of Yne mater ia l  when subjected t o  flowing. water. 
Sample No. 13P-95 was taken a t  S ta t ion  1+45.00 in Draw No. 2, located t o  
the  eas t  of t h c  r i g h t  abutment of  the damsite. Samples No. 13P-96 and 
97 were taken at Stat ions  1&1.09 and 12+86.00, respectively, in Draw 
No. 3 located near t h e  l e f t  abutment. Upon receipt  in t h e  Denver off ice ,  
the  mat,erial of the three block samples was inspected and c l a s s i f i ed  by 
the  Earth Materials Laboratory and the samples were then forwarded t o  
the  Hg-draulic Labarztory for t h e  erosion t e s t s ,  
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E S C R I P T I O N  OF THE SAMPLlES 

Saiple No. 1P-PZ 

Dense, s l i g h t l y  cemented, f i n e  t o  medium, uniform, clean sand with 
a m a l l  (1/8 t o  1-1/2-inch) firm sandstone inclusions. 

~ Sample No. 13P-96 

Top I-? inches-Dense, s l i g h t l y  cemented, f i ne  to medium, unj.fom, 
clean sand wkkh several  clay l aye r s  (Figure 4). 

I .  Bottom 12 inches-Dakk, s l i g h t l y  moist, hard, f ractured clay. 

Sample No. 13P-97 

Top Uc inches--Soft, moist, somewha: spongy, uncernented, f ine ,  s i l t y  
sand and hard c l ay  layers  ( ~ i ~ u r e  6). 

Bottom 10 inches--Dense, s l i g h t l y  cemented, fine to  medium, uniform, 
clean s a d .  



A schmat ic  diagram of t h e  erosion t e s t  apparatus is shown in 
Figure 1. Water was supplied through a 6-inch standakd pipe and a tran- 
s i t i o n  sectior, t o t  he 16-inch wide Sy 66-inch long t e s t  chute, A valve 
was provided t o  r e m a t e  the discharge, and a flow straightener was 
placed do t~s t r eam from t h e  valve t o  insure smooth, s t r a i g l ~ t  flow in to  
tho t e s t  section. The water entered the chute i n  a wd:'orm stream 2 
inchcs deep, and the  slope of the chute was adjusted t o  maintain t h i s  
depth over t h e  f u l l  length of t he  specimen. The veloci ty  of the  water 
over the  t e s t  specimen was determined by rneasur i r~,  with a Venturi meter, 
t he  quanti ty of water flowing, and dividing tlif s quant i ty  by' t he cross- 
sectional. area of t he  f l o h n g  w t e r  i n  t h e  chute of t h e  t e s t  apparstus. 
The water discharged f r s e l y  from t h e  end of t h e  chute, and it was re- 
turned t o  t h e  supply channel by a trough. The f lour  of t he  t e s t  box was 
ad justable  t<o permit moving t h e  specimen t o  keep i t s  top  surface l eve l  
with t h e  chute floor as t h e  mater ia l  wds washed away. To avoid surges 
a d  excessive veloci t ies  over the  specimen whenthe flow was s ta r ted ,  an 
obstrcction was placed across t he  d ~ W n S t ~ e a  end of the  channel, t h e  
chute flooded t o  a depth of 2 inchas, the  conkrol valve slowly opened 
while t h e  obstruction was removed. k f in& adjustment of t he  valve es- 
tabl ished the desired water ve loc i ty  over the specimen. 

A t e s t  specimen 12 inches square by 8 inches t h i ck  was obtained 
from both Samples No, i3P-95 and 97. Sample No. 19-96 was so severely 
broken +that a specinen only 9 by l l  by 7 inches thick was obtained. One 
specinen a t  a time was placed in the t e s t  box ~ J i t h  t he  s i d e  *ich was 
uppe~nost  ix t he  f i e l d  on top in t h e  box m d  l e v e l  with t h e  chute f loor ,  
The space between t h e  downstarean s11d of the  sample and t h e  end of the 
t e s t  box was f i l l e d  nearly t o  t h e  top  16th  sand, and, i n  all but the  
f i r s t  t e s t  on Sanple No. 19-95, the  remaining space was f i l i e d  t o  the  
,CLoor l e v e l  vrith a piece of wood cut fo r  the  purpose md  wedged i n  place. 

Visual means were used t o  judge t h e  erosion on t h e  specimens, and 
photographs a r e  presentad -&ich show the  condition of specimens at t he  
completion of the  t e s t s .  A t  t he  time of t h i s  writing a feas ib le  method 
of determining the quanti ty of mate~ial .  removed in t h e  erosion process 
has not been found. Weight, volume, and col lect ion measurements could . 
not be used because of l a rge  changes in moistwe conteat during tes t ing ,  
swelling of ce r t a in  materiala ( ~ a r t l c u l a r l y  clay) when water i s  absorbed, 
and t h e  lack  of f f l t e r b g  eqfiprnant capable of hold* t h e  small piece8 
washed off the  specimen and s j ; U  capable of handling the  large quanti- 
ties of water used. Finally, t h e  s i z e  and shape of t he  specimens tes ted  
preclddes a close representation of t h e  f i e l d  erosion conditions, There- 
fore, t h e  r e su l t s  presented in t h i s  report  are qua l i ta t ive  only, and the  
use of the  laboratory t e s t  r e s u l t s  t o  predict  f i e l d  r e s u l t s  mu3t be done 
with carre, 

I n  describing t h e  amount of erosion on t h e  specimen, t he  following 
t e r n s  a r e  used in t h i s  report: 



was not sufficient t o  materially change t h e  appearance 
of the specimen 

2. Moderate erosion--Where sufficient material  was removed 
t o  :loticeably change the  appearance of t h e  specimen, but 
where the  average depth of erosion did not exceed one-half 
inch 

3. Ejccessive erosion--Where sufficient material was removed t o  
ma%erially a l t e r  the  appeuance of the specimen and the  
average depth of erosion exceeded one-half inch 

The t e s t  equipment was capable of producing water velocities of 1.5 
t o  19*5 feet per second, and the selection of the velocities used on a 
specimen depended upon the nature of the  material. It was imperative to  
select  an i i i t i n l  velocity l o w  enocgh t o  prevent extensive damage t o  the 
specimen i n  order t h a t  adequate data could be taken, while on the  other 
hand, time >rould be wasted by starting with ve loci t ies  too low, Nearly 
t h e  full range of veloci t ies  mailable was used i n  t h e  t e s t s  on the 
Moorhead specimens, the values ranging from 2 t o  18 feet per second, I 

TEST WULTS 

Samp2.e No. 19-95 

The loose material, on t h e  specimen was immediately swept away by a 
water veloci ty of 2 fee t  per second, and s l ight  erosion was noted a t  the 
completion of the 30-ini~xute t e s t  ( ~ i g w e  24).  A small quantity of mate- 
rial was removed :?om around the  harder sandstone inclusions and from 
s o f t  local  areas throughout t h e  specimen, but the  erosion did not exceed 
onefourth inch in depth a t  ary pcint . The water velocity was increased 
t o  4, 6, and 8 fee t  per second, and aach velocity was maint sined fo r  30 
mir.utas. A t  the end of these t e s t s  the specimen showed increased erosion, 
but it maintained t h e  same general appearance it had af te r  t h e  first 
t e s t  (Figure 2~). Additional t e s t s  of 30 minutes each at velocities of 
10 and L!+ feet per second resulted i n  a noticeable increase i n  erosion 
(Figure 3). Homer,  t h e  specimen was s t i l l  not severely damaged, iind 
an additional 30-minc.t,e t e s t  was made a t  18-f eet-pe%aecond velocity. 
Excessive erosion occuri-sd during t h i s  tes t ,  leaving many of the  hard 
inclusions standir-g high a h v e  the nuw surface ( ~ i ~ u r e  3 ~ ) .  The average 
depth of the  t o t a l  erosion was 3/4 of an inch, and a maximum depth of 
1-3/16 inches was found near the  seater of t h e  upstream edge of the 
specimen. Q1-e domstrean comer and a second area on the  opposite side 
and upstream, from the  center of the  s p ~ i m e n  had not been cut down by 
t h e  water. The t e a t  program was then terxlinated because the s l ight ly  
greater water velocity (19.5 fee t  per second) which could ba obtained 
with t he apparatus would provide l i t t l e  additiomal ir,formation. 



A large crack was found running through t h e  block sample when it 
wa.s removed from the shipping crate  and the protective wrappbgs sur- 
rounding it. Further cracks developed while trirmning t h e  sample t o  
. f i t  in the t e s t  box, leaving the  upper 17 inches s o  broken tha t  a t e s t  . 
specirnen of reasonable size could not be d ~ t a i n e d  (Figure yl) . However, 
the sandy material which comprised most of t h e  top  12 inches was sM- 
l ar  t o  that tested i n  Sample No. 13P-95, mt,d similar erosion can be 
expected . 

The only t e s t  specimen taken from Sample No. 13P-96 was an irreg- 
ular ll- by 9- by 7-inch thick piece of clay obtained fk-om t h e  bottom 
of the sample. This piece was placed in  the  t e s t  ' box, imd water was 
passed over it a t  a velocity of 6 fee t  per second, Several pieces 
rar,xing in volume from l/l+ t o  3/4 cubic inch were dislodged during the  
first 4 minutes of operation ( ~ i g w e  5 A ) .  No visible  action occurred 
during t h e  remainder of the 30-minute t e s t .  Velocities of 10, U, and 
18 likewise removed material during the  early periods o f  t h e i r  respec- 
t i v e  3 O d n u t e  t e s t s  (Figure B). There was.1~0 case where erosion was 
detected during the  l a t t e r  part of each t e s t .  No further t e s t s  were 
run on t h e  specimen because the  wxhmm velocity of the t e s t  apparatus 
had ne=ly been reached. 

Sample No. l3P-97 

The top U, inches of the  aample ( ~ i g u r e  4B) consisted of thin 
layers of dense, uncemented s axid and moderate3.y' hard clay, and was so 
weak tha t  a t es t  specimen could not be obtaked. Exmination of the 
material revealed that  t h e  uncenented sand pro3ably wuld be severely 
eroded by velocities of 4 fee t  per second or  gerr ter  and tha t  t h e  thin 
clay larere  between t he sand would be l i f t e d  and broken by velocitiee 
of 6 f met per eecond o r  greater when the f l o w  occurs -along the  bedding 
planee , 

A t e a t  specimen was obtained from the bottom 10 inches of the 
sample, and it included the thln clay layer v is ib le  above the uniform, 
sl ight ly cemented sand base (Figure 0). The specimen was placed i n  
the  t e s t  box, and water passed over it a t  2-feet-par-second velocity 
for  30 minutes. Several thin pieces of clay were dislodged early i n  
t h e  t es t  , but l i t t l e  subsequent action was noted (Figure 6A), 
Velocities of 4, 6, and 8 fee t  per  second were used in the  subsequent 
3 0 - d u t e  t e s t s ,  and more clay was removed early in each t e s t  period. 
A t  the end of these t e s t s ,  half of the clay was removed, and the  exposed 
sandy material showed moderate erosion (Figure 6 ~ ) ,  A velocity of U, 
fee t  per second removed most of ttle remaining clay nnd caused @eater 
erosion on the q n d  material (Figure 7). A rinaf t e s t  was made at l8 
feet per second; and during this tes t ,  it was evident that  t he s and was 
eroding rapidly. Aft o r  1 j minutes operation, however, the  sample broke 
in two, a?d it, was l i f t e d  out of the  t e s t  Sox and destroy& by t h e  water, 
The t e s t s  were, therefore, terminated. 





A. Erosion &er 30-minute expoime to 2 feet per second water veloci5y. 

B. Erosion aftez 30-minute erpoerrres each .to water velocitiee of 2, 4, 
6 ,  and 8 feet per ssoond. 

Flow Cram l e f t  to right 



A.  Ekoaion af ter  30-minute erposures each t o  water veloci t ies  of 2, 4, 
6, 8, 10, an11 14 f e a t  per second. 

B. Eroslbon a f t e r  30-minute exposures each t o  w a t e r  ve loc i t ies  of 2, 4, 
6, 8, 10, 14, and 18 f e e t  per second. 

F l o w  ikm l e f t  t o  right 

S a  13P-35 
EROSION TJETS ON momw EARm SllMpLEs 



Sample 13P-96 a i t e r  belog t rbmed t o  f i t  i n  the t e a t  box. 
top 17 inches was too 3roken t o  be tested. 

The 

8. Sampie 13P-97 a f t e r  the ehipping cra te  was removed. 

JFlow from l e f t  to right 

S- 13P-96 and 97 
lmSIO1J TESTS OB M ? O L W  EARTH SAMPLES 



 ion after 30-minute exposure to 6 feet per second'water T 

lion e t e r  30-minute exposurer each to water velocities of 
and 18 feet per second. 

Flow Pran ;Left to rlght 

s-2 132-96 
EROSION TESTS 08 PZIORBE/LD EARTB S m  





A. Erosion after  30-minute exposures each t o  velocities of 2, 4, 
6, 8, 10, and 14 f e e t  per second. 

Flow frua l e f t  to  r igh t  

SAMPLE 13P-97 
EXiOSION TEESTS ON ~~ SAMPLES 


